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EXECUTIVE SUMMARY 

This report presenta the information developed by the Supplemental Xnvestigation of certain 

sites at Naval Station, Roosevelt Roa&, Ceiba, Puerto Rico (NSRR). The subject sites are: 

Site 1 - Quebrada Disposal Site, Vieques Island 
Site 2 - Mangrove Disposal Site, Vieques Island 
Site 5 - Army Cremator Disposal Area 
Site 6 - LangIey Drive Disposal Area 
Site 7 - Station Landfill 
Site 10 - Building 25 Storage Area 
Site 13 - Tanks 210-217 
Site 14 - Ensenada Honda Shoreline and Mangroves 
Site 16 - Old Power Plant, Building 38 
Site 18 - Buildmg 128, Pest Control Shop and Surrounding Area 
Site 21- Building 121, Old Pesticide Storage 

Sites 1 and 2 are on the Naval Ammunition Facility, Vieques Island (NAF-V). The remaining 

sites are al1 on NSRR main base. 

This Supplemental Investigation of environmental conditions at these sites augments the 

Installation Restoration Program (IRP) activities for these sites under the Naval Engineering 

Facilities Command (NAVFACENGCOM);Atlantic Division (LANTDIW Contract Nurnber 

N62470-89-4814, Contract Task Order 0007 (CTO-00071, dated 7 November 1991 and 

amended by IANTDIV. 

1.0 OBJECTIVES 

The objectives of the Supplemental Investigation are: 

1. Verify the data collected during the Confirmation Study (CS) by developing a 

defensible database. 

2. Collect limited data for preparation of a RCRA Facilities Investigation (RFI) at certain 

siles. 

3. Provide usable and defensible data for the RFI. 
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2.0 RECOMMENDATIONS 

rer. 

p- 

The recommendations of the Supplemental Investigation, following from the conclusions and 

observations, are that further investigation or remediation of any site should not be 

undertaken. The justifications for these recommendations rest on the acceptably low levels of 

apparent risk quantified 

The subject sites of the Supplemental Investigation should be relieved of an RFI. 

3.0 CONCLUSIONS 

The relevant findings, presented as the conclusions of the Supplemental Investigation, (are: 

Adequate information is available for characterization of Sites 1,2,5,6,10,14 and :l& 

Further investigations of site conditions are unnecessary, considering the absence of risk 

calculated from the available information. 

These conclusions and recommendations refer mainly to the Sites 1, 2, 5, 6, 10, 14 and 18 

which are under review for design of an RFI. The information for the remaining Sites ‘7,13,16 

and 21 has, according to the provisions of the project plana, been prepared for submission, or 

has been submitted to the programa relevant te those sites. 

The general description of the relevant sites involves review of the significant characteristics 

of ~pography, hydrology, physical and chemical geohydrology, and operational 

considerations. 

3.1 Topographp 

The following summaries have been prepared from the information obtained from literature, 

drawings and site investigations: 

Site 1: The disposal material is randomly scattered and entirely exposed at the surface, 

and that the overgrowth of low vegetation is exceptionally dense. 

í+h 
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Site 2: The disposal material is sparsely and randomly scattered, and is entirely exposed 

at the surface. 

Site 5: The disposal material is mostly buried, with some scattering at the surface and 

with some material protruding fiom the ground, the overgrovvth of vegetation is 

exceptionally dense. 

Site 6: The disposal material is mostly buried in the shallow soil with some scattering at 

the surface, and that the overgrowth of vegetation is exceptionally dense. 

Site 7: Site 7 - Station Landfill lies on the peninsula east of the harbor. The area is largely 

leve1 and cleared, except for low brush across the inactive parts and for large trees with 

dense undergrowth on the harbor shoreline on the West side of the operating area. The 

landfll in slightly elevated above the harbor , and includes the spine of the peninstiia (with 

the land surface apparently falling away to the West, South and ea&. 

Site 10: The surface area of Site 10 is extensively reworked by construction and base 

operations. No distinct features of Building 25 remain except the foundation pad on which 

heavy equipment is now occasionally parked. 

Site 13: Tanks 210-217 include three underground fueling facilities on the perimeter of 

the mangrove swamp on the east side of the NSRR. Each (tank farm) facility lies in a 

clearing on a shallow hillside with no other operations adjacent. 

Site 14: Site 14 is a coastal mar-gin containing a mangrove swamp. 

Site 16: Site 16 lies at the north (landward) end of the peninsula containing Site 7. 

Site 18: The immediate vicinity of Building 128 is cleared and approximately level, with a 

hardstand occupying about half of the site. 

Site 21: Building 121 sits on a hillside above Site 10 and below the Station Hospital. The 

abandoned building is surrounded by a moderately dense growth of trees, with an access 

road cut to a main road leading off Antietam Road to the Public Works Building. 
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3.2 Hydrology 

The hydrology of each site ís characteristic of the terrain. The topographic expression of each 

site varies the dominant hydraulic characteristic fiom marine waters to standing pools to 

intermittent streams. 

Site 1: The bottom of the ravine (quebrada) below the disposal material was found to be dry 

during the tield program. The appearance of the streambed indicated that no flowing water 

could be expected outside a period of intense precipitation; the light to heavy precipitation 

experienced during the field program did not produce a continuous flow in the ravine (even 

during and shortly after storms). Therefore, the flow of surface water can be largely neglected 

in considering further action at this site; only the steepness of the ravine’ profile would be of 

concern as a control on overland movement of liquida and sobds. 

Site 2: The low-lying disposal area is surrounded on three sides by open water. There are 

abundant indications in the field that the site is flooded frequently. This flooding can be 

expected to effect some additional dispersa1 of materials at the site. 

Site 5: There are no established streams within Site 5. The domina& hydrologic feature 

associated with the site is the mangrove swamp of Site 14. 

Site 6: There are no established streams within Site 6. The dominant hydrologic feature 

associated with the site is the mangrove swamp of Site 14. 

Site ?: There are no established streams at Site 7. There is minor ponding of water following 

rains, but the dominant hydraulic influentes are the adjacent marine waters. - 

Site 10: There are no surface streams at Site 10. There is some interna1 drainage to th.e north 

and northeast side of the site, in a vegetated area. 

Site 13: There are no established streams at Site 13. The dominant hydraulic control is the 

adjacent mangrove swamp. 

Site 14: The hydrologic regime of Site 14 is controlled by the semidiurnal tides, embayment 

circulation and response to storms by oceanic waters in the harbar. 
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Site 16: There are no established streams at Síte 16. There is minor pondíng of water 

following rains, but the dominant hydraulic influentes are the adjacent marine waters. 

Site 18: The signikant hydrologic features of Site 18 are a drainage ditch paralleling 

Forrestal Drive and a wetland west of the site. 

Site 21: There are no significant hydrologic features associated with Site 21. 

3.3 Physical Geohydroloey 

Site 1: The three Wells at the site were found and examined. No immediate need for repair 

was noted. The significant findings and observations on the groundwater monitoring system 

are: The general elevation of the water-table had dropped sufficiently since installation of the 

Wells that no usable water could be found in the Wells; and the confíguration of the stations in 

relation to the disposal material indicates that the Wells are displaced downslope from the 

most notable area of debris, and that the Wells are appropriately placed downgradient of the 

disposal material (field observations also indicate that no other positions in the area would 

provide significantly better advantage for monitoring the water table). 

Site 2: The hydrologic system of the disposal area is entirely controlled by the surrounding, 

tidal surface waters. 

Site 5: Insticient data are available for a conclusive discussion of the geohydrology of Site 5 

(Section 6.1.1.3). 

Site 6: Insufficient data are available for discussion of the geohydrology of Site 6 

(Section 6.1.1.4). 

Site 7: The geohydrologic information for Site 7 is being submitted to the relevant program. 

Site 10: The geohydrology of Site 10 was not addressed (Section 6.1.1.5). 

Site 13: Assessment of the groundwater regime at Site 13 was not psrt of the field program. 

í-84 
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,- Site 14: The geohydrology of Site 14 is not relevant (Section 6.1.1.6) because of the marine 

environment of the mangrove swamp. 

Site 16: Assessment of the groundwater regime at Site 16 was not part of the field program. 

Site 18: The water-table ís shallow, at about three to nine feet below ground. The near- 

surface flow is to the West, through colluvial material having hydraulic conductivities ranging 

from about 0.14 to 1.3 ftid. 

Site 21: Assessment of the groundwater regime at Site 21 was not part of the fíeld program. 

3.4 Chemical Geohydrology 

Site 1: Analysis of inorganic parameters indicates no distinctly abnormal concentrations in 

any medium. Synthetic organic compounds are. present at the site in al1 media teste& 

however, the concentrations found do not indicate that these compounds are of significant 

environmental interest. 

- F-+--\.’ 
/’ Site 2: Analysis of inorganic parameters indicates no distinctly abnormal concentrations in 

any medium. Synthetic organic compounds are present at the site in al1 media tested; 

however, the concentrations found do not indicate that these compounds are of signifícant 

environmental interest. The analyses of disposal material (tar or asphaltic oil) did not 

indicate a dominant environmental infhrence by that material. 

Site 5: The single data station found at Site 5 provides information on background conditions 

only. Nothing significant appears in these data, except the general appearance across the 

station of pesticides. 

Site 6: The single data station at Site 6 provides information on background conditions only. 

m Nothing significant appears in these data. 

Site 7: The geohydrologic information for Site 7 is being submitted to the relevant program. 

Site 10: The geohydrology of Site 16 was not addressed (Section 6.1.1.5). 

Site 13: Assessment of the groundwater regime at Site 13 was not par-t of the field program. 

-=-% ! ES-6 



Site 14: The geohydrology of Site 14 is not relevant (Section 6.1.1.6) since it is in a. marine 

environment. 

Site 16: Assessment of the groundwater regime at Site 16 was not part of the field program. 

Site 18: The results of analyses of inorganic compounds do not indicate an impression of 

dissolved species on the expectable groundwater quality. The results of analyses of organic 

compounds similarly indicate no general distribution of those compounds in the groundwater. 

There is a minor presente of pesticide in the soil, sur&ce water and sediment of Site 18.. 

Site 21: Assessment of the groundwater regime at Site 21 was not part of the field program. 

3.5 Operational Considerations 

Site 1: Site 1 ís characterized (1) by steep slopes of the ravine walls and a steep profile of the 

(normally dry) streambed in the ravine, and (2) by an exceptionally dense overgrowth of low 

vegetation. These conditions make effective movement around the s$e impossible without 

extensive land-clearing. Further mapping of the site, and any further investigation or 

remedia1 action at the site, would unavoidably involve extensive land-clearing in highly 

unfavorable terrain. Extensive land-clearing, given the surface-scattering of debris, would 

necessarily include displacement of virtually al1 of the remaining debris, requiring idisposal 

under a regulated program. An endangered/protected species of insect occupies this area; 

land-clearing of usable proportions could not proceed without a detailed survey of the nests of 

these insects and relocation of those nests. 

Site 2: The area ís moderately vegetated; further investigation can be conducted with 

minimal disturbance of this cover, but remedia1 actions would require land-clearing and 

revegetation. The disposal material is scattered across the surface of ama11 areas, and 

B-4 relatively accessible. 

Site 5: Site 5 is characterized (1) by steep slopes on the sides of the knoll, and (2) by an 

exceptionally dense overgrowth of low vegetation. These conditions make effective movement 

around the site impossible without extensive land-clearing, effectively of the entire knoll. 

Further mapping of the site, and any further investigation or remedia1 action at the site, 

would necessarily involve extensive lan’dclearing in unfavorable terrain. Extensive land- 

“4 
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clearing, given the surface-scattering of some debris, would include displacement of those 

debris, requiring disposal under a regulated program. Land-clearing on an appropriate scale 

would also involve extensive siltation in the nearby, protected environment of the mangrove 

swamp. 

Site 6: Site 6 is characterixed by an exceptionally dense overgrowth of low vegetation on boggy 

ground. This makes effective movement around the site impossible without extensive 

landclearing, effectively of the entire margin between the road and the inundated perimeter of 

the mangrove swamp. Further mapping of the site, and any further investigation or remedia1 

action at the site, would necessarily involve extensive landclearing in highly unfavorable 

terrain. Extensive land-clearing, given the shallow burial and surface-scattering of debris, 

would unavoidably include displacement of those debris, requiring disposal under a regulated 

program. Land-clearing on an appropriate scale would also involve extensive siltation in the 

nearby, protected environment of the mangrove swamp. 

Site 7: No relevant comments. 

Site 10: The current use of the land-surface of Site 10 indicates that further investigation or 

any remedial action would disrupt base support operations extensively. Further investigation 

of the area around Building 25 would yield results that could not be defensibly associated with 

operations at Building 25, given the extent of current activities. 

Site 13: No relevant comments. 

Site 14: There are no feasible remedia1 actions applicable to Site 14, except monitoring of 

natural processes. 

Site 16: No relevant comments. 

Site 18: Site 18 is open to investigation and remedia1 operations between the tree-line and 

Forrestal Drive. Operations beyond the tree-line would require extensive land-clearing.. 

Site 21: No relevant comments. 
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3.6 Contaminad Distribution 

Disposal materials are exposed at Sites 1,2,5 and 6; however, there is no strong evidente that 

an outfall of contaminant constituents has migrated from the disposal materials in any 

examined medium. Disposal materials are not apparent at Sites lo,14 and 18; also, there is no 

strong evidente that an outfall of contamina& constituents has migrated from the expected 

disposal areas in any examined medium. 

3.7 Risk Evaluation 

The overa11 findings of the risk evaluation were that none of Sites 1, 2, 5, 6, 10, 14 and 18 

presents an identifiable risk to a sensitive receptor, according t.c the concentrations of 

contaminant constituents and the availability of those constituents. 

4.0 DISPOSITION OF SM’ES AND CATEGORIES OFINVESTIGATION 

Of the subject sites, varying disposition was planned following this Suppbmental 

Investigation. Sites.1, 2,5,6,10,14 and 18 were expected to enter some form of negotiation 

with Region II of the Environmental Protection Agency (EPA-III) for the prosecution of an RF’I 

to complete the lRP activities for those sites; Site 13 was expected, as a result of the photo- 

interpretation not revealing the previous existence of disposal pits, to be released from the RF’I 

to the UST program. The information from Sites 7,16 and 21 would be turned over to other, 

ongoing programs. 

Given the variation in intentions for the subject sites and the variations in characteristics, 

differing analytical matrices and sequences were selected for individual sites. - The matrices 

and sequences of an individual site reflect the expected disposition of that site. 

The analytical sequences for each matrix, regardless of site, included: VOC - volatile organic 

compounds of the Target Compound List (TCL); SVOC - semivolatile organic compounds of the 

TCL, PIPCB - pesticide and polychlorinated biphenyl compounds of the TCL; TAL - metals and 

cyanide of the Target Analyte Li&. Quality control of analyses was specified at :NEESA 

Leve1 D, equivalent to CLP procedures at EPA Leve1 4. 
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5.0 TECHNICALINVESTIGATIONS AND SUPPORT ACTIVITIES 

The studies for the Supplemental Investigation fe11 into the following major categories: Photo- 

interpretation and map analysis; geophysical investigation; well-head tests, representation of 

groundwater flow; and sampling and analysis. The main support for the technical 

investigations comprised: Land navigation; aurveying; land-clearing, computer mapping; and 

correlation of analytical data. 

5.1 Photo-Intemretation 

The interpretation of historical aerial photographs had varying usefulness for the 

Supplemental Investigation. The most valuable contribution of the photo-interpretation 

appeared for Sites 56 and 13: The previously undefined areas of disposal at Sites 5 and 6 were 

identified with remarkable precision for the field investigation; the absence of indications of 

disposal at Site 13 should allow reversion of that site to the UST program. 

Correlation between the disposal features noted by the photo-interpretation and the disposal 

indications found during landclearing is very high. The field evidente indicates a very high 

confidente that the data stations at Sites 5 and 6 are properly sited in relation (within and 

downslope) to the disposal features. 

5.2 Geor>hysical Surveg 

The geophysical surveys were conducted after land-clearing had exposed areas indicated by 

the photo-interpretation to have been part of the disposal operation at Site 5; no other sites 

were examined by geophysical methods. These surveys involved: (1) EM (electromagnetic 

terrain conductivity) mapping of contrasts in subsurface material that indicated artificial 

boundaries, such as trench walls, associated with disposal practices; and, (2) MAG (total field 

magnetic) mapping of subsurface metallic objects, usually associated with disposal. The 

Izaverses followed the access lanes along orientations selected following review of the photo- 

interpretation and map analysis, and according to examination of the exposed parts of the 

lanes as they were advanced. 
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5.3 Physical Geohydrology 

The Wells at Site 1 were found dry during the field program. Of the Wells at Site 5 indicated in 

the Work Plan for measurement, only 05GWOl could be found. Only 06GWOl exista at Site 6. 

Al1 eight of the Wells at Site 7 were accessible. The use of Wells at Site 10 was not inclluded in 

the field program. Al1 three of the Wells at Site 18 were accessible. 

Groundwater contour maps cannot be prepared for Sites 1, 5 and 6 due to insufkient 

distribution of data stations. A groundwater contour map cannot be prepsred for Site 7 due to 

the radial nature of flow associated with the peninsula on which it is placed. The grouudwater 

data for Site 18 are recorded on Table 4-1. 

The values for hydraulic conductivity were calculated values for al1 Wells at Sites 5, 6, 7 and 

18. The range of values ia from about 0.1 to 2.2 ftJd, expectable for this geologic terrane. 

5.4 Chemical Geohydroloa 

Examination of the chemical quality of soils, sediments, surface water and groundwater (with 

structural and disposal materials) involved measurement of the field parameters for 

groundwater (pH - chemical activity of ionic hydrogen; Sc - speciñc conductance; and T - 

temperature) and detailed laboratory analyses for al1 media. 

The higher readings of Sc (at al1 stations except 18GWO3) reflect the relative influente of 

brackish or saline water at the coastal margin (near a shoreline or near the inland edge of a 

mangrove swamp). The reading of 1000 miIlimhos/centimeter at 18GWO3 is within the range 

of freshwater with very high TDS (total dissolved sohds). The readings of pH and T are 

unremarkable. 

For the sites expected to enter negotiation for an RFI, the results of laboratory analyses 

indicated that all inorganic psrameters (TAL metals and cyanide) were within expectable 

ranges for natural conditions. These results also indicated the presente of organic connpounds 

(VOC, SVOC and PBPCB) ín certain media; these compounds appeared in generally low 

concentrations. 

m 

,- Evaluation of the data available from this Supplemental Investigation against the data 

available from the Confirmation Study indicates that the CS data reliably represent 

P-. 
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conditions at the subject sites. The data from the CS can then be used appropriatel:y in the 

evaluation of the disposition of each sim, and support the recommended relief from further 

investigation or remedia1 action. 

6.0 RISK TO HUMAN HEALTH AND THJ3 ENVIRONMENT 

2-W. 

Current and future (potential) risks were calculated tiom the available data in tlhe most 

reasonably conservative fashion for each of Sites 1,2, 5, 6,10, 14 and 18. The chemicals of 

concern, as the contaminants detected having a significant potential effect on human health 

and the environment, were identified for each site. The exposure and toxicity assessments 

addressing the distributions and concentrations of contaminants represented the availability 

of these compounds to the sensitive receptor. The risks were calculated by standard means of 

quantification for each site, the interna1 criticisms of these means were made. 

The overa11 findings of the risk evaluation were that none of Sitas 1, 2, 5, 6, 10, 14: and 18 

presents an identifiable risk to a sensitive receptor, according to the concentrations of 

contaminant constituents and the availability of those constituents. The data and analyses 

were found valid. 



1.0 INTRODUCTION 

1.1 Purpose of the Supplemental Investigation 

The Supplemental Investigation was designed to augment the regulatory programa, 

particularly the Installation Restoration Program (IE@), at Naval Station, Roosevelt Roads 

(NSRR) (Figures l-l and l-2), presenting recommendations and conclusions on the proposed 

fate of some sites. This information will enable LANTDN and the Activity to prepare their 

environmental strategy and plan for future regulatory compliance measures. This 

augmentation is necessary since the most recent available information is from the 

Confirmation Study (Section 1.31, whose data were collected in February 1987. 

Although the Confirmation Study is part of the regulatory programs for NSRR, the 

information obtained during the Supplementary Investigation and presented in this report is 

not a formal part or requirement of those programs. It is likely, however, that the information 

presented in this report may be used in future environmental activities snd reports, possibly a 

RCRA Facilities Investigation (RFI). 

1.1.1 Objectives 

The objectives of the Supplemental Investigation are: 

1. Verify the data collected during the Conflrmation Study (CS) by developing a 

defensible database; 

2. Collect limited data for preparation of a RCRA Facilities Investigation (RFI) at certain 

sites; and, 

3. Provide usable and defensible data for the RFI. 

,- 
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1.1.2 Categorization of Sites 

This report presents the information developed by the Supplemental Investigation of certain 

sites at NSRR. The subject sites (Section 1.2.3.4) are: 

Sitel - 
Site - 
Sito5 - 
Site - 
Site - 
SitelO - 
Site - 
Site - 
Site - 
Site - 
Site - 

Quebrada Disposal Site, Vieques Island 
Mangrove Disposal Site, Vieques Island 
Army Cremator Disposal Area 
Langley Drive Disposal Area 
Station Landfill 
Building 25 Storage Area 
Tanks 210-217 
Ensenada Honda Shoreline and Mangroves 
Old Power Plant, Building 38 
Building 128, Pest Control Shop and Surrounding Area 
Building 121, Old Pesticide Storage 

Sites 1 and 2, at the Naval Ammunition Facility, Vieques Island (NAF-V), are generally 

located on Figure 1-3, and schematically depicted on Figures 1-4 and l-5, respectively. The 

remaining sites, al1 on NSRR main base, are indicated on Figure 1-6, and diagramed on 

Figures 1-7 through l-15. 

These sites and the Supplemental Investigation of environmental conditions at these sites are 

part of the Installation Restoration Program (IRP) activities under the Naval Eng~neering 

Facilities Command (NAVFACENGCOM), Atlantic Division (LANTDIV) Contract :Number 

N62470-89-4814, Contract Task Order 0007 (CTO-0007), dated 7 November 1991 and 

amended variously by LANTDIV. 

Of these sites, varying disposition was p¡anned following this Supplemental Investigation. 

Sites 1,2,5,6,10,14 and 18 were expected to enter some form of negotiation with Region II of 

the Environmental Protection Agency (EPA-II) for the prosecution of an RFI; Site 13 is 

expected, as a result of the photo-interpretation not revealing the previous existence of 

disposal pits, to be released from the RFI to the UST program. The information Com. Sites 7, 

16 and 21 would be turned over to other, ongoing programs. 

--, ! 
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1.1.3 Technical Approach to Site Categories 

Given the variation in intentions for the subject sites and the variations in charactoristics, 

differing analytical matices and sequences were selected for individual sites. The matrices 

and sequences of an individual site reflect the expected disposition of that site. 

1.1.3.1 RFI Design - Sitos 1,2,5,6,10,14 and 18 

With expectation of designing an RFI for each of Sites 1,2, 5,6,10,14 and 18, the relevant 

matrices were sampled at a particular site; Section 5.2.3 of the Work Plan indicates the 

reasoning in constructing this scheme. The characteristics of each site determined the 

available matices for this Supplemental Investigation: Site 1 - soil and terrestrial sed.iments, 

Site 2 - disposal material, soil and marine sediments; Site 5 - groundwater and soil; Site 6 - 

groundwater and soil; Site 10 - soil; Site 14 - marine sediments; and, Site 18 - groundwater, 

soil, surface water and terrestrial sediments. 

The analytical sequences for each matrix, regardless of site, included: VOC - volatile organic 

compounds of the Target Compound List (TCL); SVOC - semivolatile organic compounds of the 

TCL; P/PCB - pesticide and polychlorinated biphenyl compounds of the TCL; TAL - metals and 

cyanide of the Target Analyte List. Quality control of analyses was specified at NEESA 

Leve1 D, equivalent to CLP procedures at EPA Leve1 4. 

1.1.3.2 Relief From RFI Design - Site 13 

Site 13 comprises three separated areas of fueling facilities with underground storage tanks 

(UST); no other operations are associated with these areas. Absent other indications of 

practices or disposal properly under RCRA provisions, these areas would fall under the UST 

regulations and be relieved of an RFI. 

There had been some unconfirmed suggestion that disposal of lead sludge from tank cleanout 

had occurred. There was no mapping and there is presently no visible indication of the 

locations of disposal pita Previous investigations (including the Site Visit, reported on 

12 March 1992, made for this project) did not revea1 strong evidente that the sites should be 
-“9 

,/0-+-Y 
controlled separately fiom a UST program. An analysis of historical aerial photographs as 

part of the planning for the Supplemental Investigation indicated that no reasonable 

expectation could be held that disposal pits had been used. 

ian, 
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Therefore, the technical conclusion on the disposition of Site 13 was made prior to the field 

program to recommend that Site 13 be regulated as a UST program. No further technical 

analysis of the conditions at Site 13 was made by the Supplemental Investigation. 

l-1.3.3 Non-RF’I Information - Sites 7,16 and 21 

For various reasons, information was obtained for Siles 7,16 and 21 that would not ‘be used 

directly in the Supplemental Investigation. Accordingly, these aites are not discussed in 

detail, although a report of activities and of groundwater elevations is included. 

Site 7 is currently an operating landfill subject to RCRA monitoring. The NSRR is conducting 

this monitoring by means other than this Supplemental Investigation; however, information 

was obtained during this Supplemental Investigation to augment the information used under 

the RCRA monitoring for Site 7. This information was turned over to NSRR for use under this 

other program. The technical studies of Site 7 included: Analysis of aerial photography, 

measurement of groundwater elevations, collection of well-head test data, and sampling and 

analysis (VOC, SVOC, P/PCB and TAL) of groundwater. 

Site 16 is currently under another IRP project. The information developed fiom the analyses 

of sediment and surface water for P/PCB and SVOC has been released tc that project. 

Site 21 is currently pending a RCRA Closure Permit. The information on analyses of selected 

waste constituents from soil and structural chips has been tumed over to the offrce requesting 

that permit. 

1.2 Background 

1.2.1 General 

NSRR occupies part of the northern side of the ea& coast of Puerto Rico, along Vieques 

Passage with Vieques Island lying to the east about 10 miles off the harbor entrarme 

(Figure 1-l) f’rom the CRP 72-Z. The north entrance t.o NSRR is about 35 miles east along the 

coast road (Route 3) from San Juan. The closest large town is Fajardo (population, about 

37,000), about 10 milesnorth of NSRR off Route 3. The closest town is Ceiba (population, 

about 17,000), adjoining the West boundary of NSRR. 
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The NSRR occupies over 33,500 acres, with some of the holdings being prepared for release to 

the Commonwealth of Puerto Rico. The NSRR has administrative and command 

responsibilities for some operations in Puerto Rico separated fiom the main base and Vieques 

Island (Figure 1-Z). 

The primary mission of NSRR is provision of ful1 support for Atlantic Fleet weapons training 

and development activities. 

The site of NSRR was frrst considered for location of a Naval Base in 1919, with no major 

facilities then available in the area. No development of the area was undertaken until early in 

the United States involvement in World War II, with the Naval Operating Base being 

commissioned in 1943 and fmally redesignated a naval station in 1957. 

More detailed descriptions can be found in Section 4.1.1 and 4.1.2 of the IAS (Section 1.3, 

below). 

The project control documents for the Supplemental Investigation were published on 

15 December 1992, following agreement with LANTDIV prior to the initiation of the field 

program on 29 October 1992. These documenta (Section 7) comprise the Work Plan; the 

Sampling and Analysis Plan, containing the Field Sampling Plan and the Quality Assurance 

Project Plan; and the Health and Safety Plan. 

The field program for the Supplemental Investigation formed Task 4 of the Work Plan. This 
._ 

report falls in Täsk 7, with the analysis of samples and evaluation of data appearing under 

Tasks 5 and 6. 

1.2.2 Installation Restoration Program - Naval Station, Roosevelt Roads 

IRP activities at NSRR have presented an Initial Assessment Study (LAS), dated September 

1984, and a ConSrmation Study (CS), completed in April 1988. These studies are being 

continued for selected sites during the conversion from CERCLAISuperfund status to RCRA 

status at NSRR. This Supplemental Investigation is not a standard CERCLA/RCR&IRP 

program, but is related to the foundation of data for the RCRA Facilities Investigation (RFI) 

anticipated for the selected sites. 
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1.2.3 Description of Sites 

Sites 1 and 2 are located on Vieques Island (Figures l-2 and l-3); the remainder are on the 

main base (Figures l-l and l-6). The Environmental Rotection Agency, Region II @PA-II) 

has indicated that the sites on Vieques will be administered separately from those of the main 

base. The following sections summarise the descriptions of the sites from the available 

reports. 

1.2.3.1 Site 1 - Quebrada Disposal Site, Vieques Island 

Site 1 - Quebrada Disposal Site, Vieques Island lies along the east side of a steep ravine rising 

to the South from the coast road on the West side of the north of the island (Figure l-4). The 

flatter parts of the ravine appear not to have been used for disposal, with most of the material 

being found on the steep slope. The disposal area extends roughly 950 feet Com the road. 

The area is densely overgrown with ground-cover surrounding the remaining, standing trees 

(Section 3.4.2). A large portion of the earlier growth of trees was blown down by a hurricane 

after disposal had ceased; these are now concealed within the ground-cover. When the site was . 

active, the tree stand was intact and prevented the dense growth of ground-cover, while 

allowing ready access across the area: Access is now severely restricted by the ground-cover. 

The site was used fiom the early 1960s to the late 19709, with an area of about 500 by 20 feet 

and a depth of about 4 feet. The disposal volume has been estimated at about 1,500 cubic 

yards. The disposed materials at this site included general base refuse and industrial waste, 

with dispersa1 of the materials down this surface of the steep (SO”) slope. The expected 

environmental concerns include (intermittent) surface water (as a transport mechanism 

rather than as an established environment), soil and sediment. Humsn receptors are 

currently expected to be affected through consumption of ñsh caught near the dischwge Com 

this site, as well as through potential exposure to contaminated soil during recreational 

fishing. Endangered species such as the Caribbean manatee and the hawksbill, leatherback, 

green and loggerhead sea turtles may also be affected by contamination at this site. 

1.2.3.2 Site 2 - ManProve Disposal Site, Vieques Island 

Site 2 - Mangrove Disposal Site, Vieques Island lies along the coast road on the west part of the _ 

north side of the island (Figure l-5). The main disposal area lies north of the road and east of 

e=. 
i 
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the lagoon channel crossed by the bridge on the coast road. The area is fiat, and lies close to 

the leve1 of the lagoons north and South of the road. Vegetation is fairly open, with a few trees 

of small to moderate size surrounded by mangrove and grass. The site is apparently subject tc 

frequent flooding during storms. 

This site was used during the 1960s and 1970s. The disposed materials at this site were 

general base refuse and induslxial waste, estimated at about 800 cubic yards; some burning of 

this material apparently occurred. The expected environmental concerns include surface 

water (as an established environment), soil and sediment. Human receptors are currently 

expected to be affected through consumption of fish caught at this site, as well as through 

potential exposure to contaminated soil during recreational fishing. Endangered species such 

as the Caribbean manatee and the hawksbill, leatherback, green and loggerhead sea. turtles 

may also be affected by contamination at this site; A large number of land crabs were 

observed during the Preliminary Site Visit. A layer of tar or asphaltic oil was also found 

beneath a veneer of mud during the Preliminary Site Visit; this layer appeared to have had no 

discernible, adverse effect on the local environment. 

1.2.3.3 Site 5 - Armv Cremator Disposal Area 

Site 5 - Army Crema& Disposal Area lies on and around a knoll of elevated rock outcrop 

betweenthe mangrove swamp on the West side of the harbor and the Navy Exchange area of 

the main base @‘igure 1-7). The knoll has a thin development of soil and is now overgrown 

with moderately large trees and dense ground-cover. During disposal operations, this cover 

had been stipped, allowing access across the ,knoll. Presently, access is virtually impossible 

for useful purposes without extensive land-clearing (Section 3.4.2). 

This site was used from the early 1950s to the esrly 1960s. The disposed materials at this site 

were general base refuse, municipal and industrial waste, and animal carcasses, estimated to 

total about 100,000 tons; some burning of this material apparently occurred. The expected 

environmental concerns include surface water (as an established environment), groundwater, 

soil and sediment. Human receptors are currently expected to be sffected through 

consumption of fish caught at this site, as well as through potential exposure to contaminated 

soil during recreational fishing. The ecology of the Mangrove Swamp also may be affected by 

contamination at this site. No endangered species have been identified at this site. 
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1.2.3.4 Site 6 - Lanplev Drive Disuosal Area 

A 

Site 6 - Langley Drive Disposal Area lies north of Site 5 in the margín of the mangrove swamp 

(Figure l-8). Th e aite is fiat-lying and very near the leve1 of the harbor, probably flooding 

frequently during storms and wind-driven tides. During disposal operations, the area had 

been cleared. Presently, however, there is a dense overgrowth of trees and shrubs of small to 

moderate size, with a dense network of vines; access is virtually impossible for useful purposes 

without extensive land-clearing (Section 3.4.2). 

This site was used &om 1939 to 1959. The disposed materials at this site were general base 

refuse and industrial waste, estimated at about 1,700 cubic yards. The expected 

environmental concerns include surface water (as an established environment), groundwater, 

soil and sediment. Human receptors are currently expected to be afYected through 

consumption of fish caught offshore of this site, as well as through potential exposure to 

contaminated soil during recreational fishing. Endangered species such as manatees and sea 

turtles also may be affected by contamination at this site. 

1.2.3.5 Site 7 - Station Landfill 

Site 7 - Station Landfill lies on the peninsula (Figure l-9) east of the harbor. The area is 

largely leve1 and cleared, except for low brush across the inactive parts and for large trees with 

dense undergrowth on the harbor shoreline on the West side of the operating area. The landfill 

in slightly elevated above the harbor, and includes the spine of the peninsula (with the land 

surface apparently falling away to the West, South and east). 

Since the 19609, this site has been used as the Station landfill. The site encoinpasses about 

85 acres. The disposed materials at this site were general base refuse, and industrial and 

hazardous waste; currently only general base refuse is disposed at this landfill. The expected 

environmental concerns include surface water (as an established environment), groundwater, 

soil and sediment. Human receptors are currently expected to be affected through 

recreational swimming and consumption of fish caught offshore at this site, as well as through 

potential exposure to contaminated soil during recreational fishing. Endangered species such 

as the West Indiin manatee and severa1 species of sea turtles may also be afYected by 

contamination at this site. Potential exposure to fugitive dust from thii site may also occur. 

6-T 
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1.2.3.6 Site 10 - Building 25 Storage Area 

Site 10 - Building 25 Storage Area is within the main area for base support actiVitie& 

Building 25 wa8 destroyed during a hurricane, with the debris scattered over the area 

indicated on Figure l-10. The area is presently occupied by various industrial activities, 

including storage, heavy maintenance and construction of a new building south of the 

foundation of Building 25. 

Building 25 wa8 used for temporary storage of material from the 19408 to 1979, when it 

collapsed. The site contain8 material from the collapsed building, around the building and in 

the immediate vicinity. The potential environmental concern is related to the scattering of 

debris during and after the collapse. This debris would now be considered dominantly an 

industrial waste. There are no intact structures at this site which pose an environmental 

concern. There are some building conslxuction activities currently underway at this site.. 

The expected environmental concern8 include groundwater and soil. Human receptors are 

currently expected to be affected through dermal contact with soil and inhalation of 

particulates. Local wildlife may also be affected by soil contamination. 

1.2.3.7 Site 13 - Tanks 210-217 

Site 13 - Tanks 210-217 includes three underground fueling facilities (Figure l-11:) on the 

perimeter of the mangrove swamp on the east side of NSBB. Each (tank farm) facility lies in a 

clearing on a shallow hillside with no other operations adjacent. 

The tanks were con&ructed of concrete in 1944 for the storage of AVGAS (aviation gasoline) 

and were cleaned every five years. The following list indicates what is known regarding the 

various táUlk8: 

0 Tank210 - 50,000 gallons AVGAS 

l Tank 211 - 50,000 gallons AVGAS 

l Tank212 - 50,000 gallons formerly AVGAS, currently unleaded gasoline 

l Tank 213 - 50,000 gallons formerly AVGAS, currently unleaded gasoline 

l Tank 214 - 248,OOOgallons 

l Tank 215 - 245,000 gallons 

rn. 
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l Tank216 - 245,000 gallons formerly AVGAS, currently unleaded gasoline 

l Tank217 - 247,000 gallons formerly DFM (diesel fuel, marine), currently JP-5 

(turbine fuel, Type 5) 

According to the LAS, Tanks 210 and 211 were abandoned in 1950 and had probably been 

cleaned only once. Tank cleaning normally resulted in removal of 800 to 1,250 gallons of 

leaded sludge per tank, disposed in pits adjacent to each tank. An estimated 30,000 to 50,000 

gallons of leaded sludge could have been disposed over a 40-year period in pita. These 

suspected sludge disposal pita are the subjects of the current investigation; however, no 

evidente of their existence was found. The tank farm has active and inactive storage and 

dispensing facilities for fuels. 

The expected environmental concerns include surface water (as an established environment), 

groundwater, soil and sediment. Human receptors are currently expected to be affected 

through consumption of fish caught in the harbor, as well as through potential exposure to 

contaminated soil. Potential inhalation exposure to vapors generated from the tanks a:lso may 

occur. The ecology of the mangrove swamp may also be &ected by contamination at this site. 

1.2.3.8 Site 14 - Ensenada Honda Shoreline and ManProves 

Site 14 - Ensenada Honda Shoreline and Mangroves lies on the West side of the harbor, north 

and south of the Coast Guard facility (Figure l-12). The tidal margin of the msngrove swamp 

extends severa1 scores of feet from the open water of the west harbor tc the firmer ground of 

the West shore. Within this margin, there is little solid ground; al1 of the area is flooded during 

storms and most of it is flooded by semidiurnal tides. Site 14 forms the east side of Sites 5 and 

6. There is no base operation except access to the Coast Guard Station occupyingthis area. 

The shoreline at this site had been subjected to a major, open-water spill of about 210,000 

gallons of marine diesel fuel in 1981. The sediment and surface water matrices would be the 

a*. principal indicators of potentially adverse environmental effects. The location of the site at 

the tidal margin indicatea that groundwater should not be a concern; the potential of the site 

as a potable groundwater resource is eliminated by the influente of the marine surface .waters. 

Human receptors are currently expected to be affected through consumption of fish caught at 

PA this site, as well as potential exposure to contaminated sediment during recreational fishing. 
f---Y 1’ Ecological receptors include the manatee snd sea turtle, as well as the endangered yellow- 

shouldered blackbird. 

m 
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1.2.3.9 Site 16 - Old Power Plant, Building 38 

Site 16 - Old Power Plant, Building 38 lies north of Site 7 (Figure l-13). The plant was in 

operation for only a decade, but had since been used for casual maintenance activities and for 

storage. An intake tunnel leads east from the building tc Puerca Bay, while a similar outfall 

leads West to the harbor. 

The Old Power Plant, Building 38 was used as a 60 megawatt steam-turbine facility that 

generated power fiom the early 1940s through 1949. From 1956 to 1964, transformer 

maintenance was performed at Building 38 by the Public Works Power Distribution Shop 

(Versar, 1992). 

Versar, Inc., completed a Remedia1 InvestigationLFeasibility Study (RI/l?S) for this site in 

1992. The results of the RI determined that concrete surfaces, and sediment and soil 

surrounding the immediate area are contaminated with PCBs at concentrations exceeding 

ARARs. Surface water and wipe samples collected from the cooling water tunnel and UST 

manways indicate that these areas are also contaminated with PCBs. . 

Human receptora could be affected through consumption of fish caught at this site, as well as 

potential exposure to contaminated sediments during recreational fishing or swimming. The 

endangered species in this area also may be affected by contamination at this site. 

1.2.3.10 Site 18 - Buildinn 128, Pest Control Shop and Surrounding Area 

Site 18 - Building 128, Pest Control Shop and Surrounding Area ís adjaceñt to a heavily 

traf&ked road (Forrestal Drive) north of the main area for base support activities. Building 

128 has been dismantled, with the foundation and hardstand remaining (Figure l-14) west of 

Forrestal Drive. A drainage ditch parallels the west side of the road; a heavily overgrown area 

borders the reverse side of the site. 

Building 128 served as the Pest Control Shop from the late 1950s to 1983. Spillage of 

pesticides occurred in and around the building during this time. Pesticide application 

equipment was cleaned over a storm-drain discharging into a ditch behind the building. 

Excess pesticides were also discarded in this ditch. Currently, the building is nct longer 

standing; with removal following excessive damage from a hurricane. The expected 

Pm 

i 1-26 



environmental concerns include surface water (as an established environment), groundwater, 

soil and sediment. Human receptora are currently expected to be affected through 

consumption of fish caught at the site, as well as through potential exposure to contaminated 

soil. Exposure to fugitive dust may also occur. The endangered species in this area also may 

be affected by contamination at this site. 

1.2.3.11 Sits 21 - Building 121, Old Pesticide Storape 

Sita 21- Building 121, Old Pesticide Storage (Figure l-15) sits on a hillside above Site 10 and 

below the Station Hospital. The abandoned building is surrounded by a moderately dense 

growth of trees, with an access road cut to a main road leading off Antietam Road to the Public 

Works Building. 

This sito had not been identified in the IAS, but had been listad in the RFA (RCRA Facilities 

Assessment). This building was usad from 1980 to 1988 for the storage of outdated pesticides. 

Building 121, Old Pesticide Storage, is suspected of material handling losses of pesticides. The 

expected environmental concerns at this site include soil and the buiIding itself. Human 

receptora are currently expected to be affected by contact with contaminated soil, as well as 

possible contad with the building interior. Fugitive dust from contaminated soil may also be 

a potential exposure pathway. The ecology in the area is also expected to be affected. 

1.3 Summary of Previous Investígations 

As part of a Navy-wide program to manage past disposal sites through the Naval Assessment 

and Control of Installation Pollutants (NACII?) initiated in September 1980, NSRR was 

designated for an Initial Assessment Study (LAS) of its environment in March 1982 by the 

Naval Energy and Environmental Support Activity (NEESA), Port Hueneme, California.. 

The IAS was conducted in 1983 and 1984 by GreenleatITelesca Planners, Engineers, 

Architects (Miami, Florida) and by Ecology and Environment (Buffalo, New York). The IAS 

consisted of a records search at various government agencies, national and regional arclhives, 

and USGS; an on-site survey; and personnel interviews. The study identified sixteen sites 

that warranted further study under the NACIP Program. 
A 

f/+=- In May 1986, the CS was performed by Environmental Science and Engineering (ESE) of 

Gainesville, Florida. Fìfteen of the sixteen potentially contaminated sites identifíed in the 
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IAS were investigated as part of thie study; the last site had been cleaned up prior to this 

study. Two rounds of samples were collected from these sites by ESE. The Confirmation 

Study Report was completed by April 1988 and indicated that 14 sites required additional 

effort under the NACIP program. 

In October 1990, a Scope of Work (SOW) for Installation Restoration (IR) Program Efforts at 

NSRR was released. This SOW was designed to direct investigative and remedia1 efforts at 

Sites 3,8,9,15 and 16. 

In June 1991, a second SOW and Work Plan under the IR program was released to guide the 

sampling and remedia1 efforts at Sitea 1, 2, 5, 6, 7, 10, 13, 14 and 18, and to conduct a Site 

Investigation (SI) at a previously unidentified site (Site 21 - Building 121, Old Pesticide 

Storage). 

1.4 Report Organization 

The report of the Supplemental Investigation provides: 

l Section 1.0 - Introduction 

0 

This section contains background information relevant to the prosecution of the 

Supplemental Investigation and to the IRP process at NSRR and the relevant findings 

of previous investigations. The objectives of the Supplemental Investigation are 

stated in Section 1.1. 

Section 2.0 - General Description 

This section presents information on the regional setting of NSRR, regarding 

geography (topography, so&, climate and hydrology), geology and geohydrology, and 

ecology. 

Section 3.0 - Field Activities - Supplemental Investigation 

The general procedures and expectable results of the technical methods of the field 

program are presented, both for the principal mechanisms of the investigation and for 

the support practices most essential to the investigation. 
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l Section 4.0 - Technical Analysis - Geologic Conditions 

Detailed presentations of data and discussions of analyses provide the results of the 

field program implemented for the Supplemental Investigation. The data and 

analyses are presented separately for each site according to the type of technical. study. 

The significant results of the chemical analyses are presented, although detailed 

discussion is differed until Section 5.0. 

l Section 5.0 - Evaluation of Potential Human Health Risk and Ecological Effects 

A 

This section presents detailed calculation of the effects of the chemical compounds 

found on human health and the environment. The results of the chemical analyses are 

presented in detail, with an objective evaluation of their cumulative effect on the 

status of the site. 

l Section 6.0 - Conclusions and Recommendations 

The significant data, analyses and fmdings for each site are detailed. 

l Section 7.0 - Referentes and Bibliography 

Reports and relevant sources in the available literature are cited. 
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2.0 GENERAL DESCRIPTION 

h 

The physical setting of NSRR was documented in the 1984 IAS (NEESA Document 3.3-051). 

This information is summarized below. 

2.1 Physical Geography 

2.1.1 Topography and SoíIs 

2.1.1.1 Topogranhy 

The region of Roosevelt Roads consista of an interrupted, narrow Coastal Plain witlh ama11 

valleys extending from the Sierra de Luquillo range, which has been severely eroded by 

streams into valleys severa1 hundreds of feet deep. Slopes of up to 60” are common. 

In the immediate area of NSRR, elevations range from sea leve1 to approximately 295 feet. 

Immediately to the north of the NSRR boundary, the hills rise abruptly to heights of 800 to 

1,050 feet above sea level, with the talle& peak located within two kilometers of the NSRR 

boundary. There is a series of three hilly areas on NSRR, two of which separate the southem 

airfield area from the Port/Industrial, Housing and Personnel Support areas. The third set of 

hills is in the 3undy area. These ridge linea not only separate sections of NSRR, but dictate 

the degree of allowable development. The ridge line South of the airfield provides an excellent 

barrier which effectively decreases the aircraft-generated noise which reaches the 

Unaccompanied Enlisted Personnel Housing areas to an acceptable level. Relief is low along 

the shoreline. Lagoons and mangrove swamps are common. 

2.1.1.2 go& 

The soil associations found at NSRR are dominantly of two types typical of humid areas, 

namely the Swamps-Marshes Association and the Mabi-Rio-Arriba-Cayagua Association, as 

well as the Descalabrado-Guayama Association, which is typical of dry areas. In addition, 

isolated areas of the Caguabo-Mucara-Naranjito Association, the Coloso-Toa-Bajura 

Association, and the Jacana-Amelia-Fraternidad Association are found at NSRR. 

#S% 
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The Swamps-Marshes and Mabi-Rio-Arriba-Cayagua associations cover over one half of 

NSRR’s surface area and are equally distributed. The remaining area is covered primarily by 

the Descalabrado-Guayama and Caguabo-Mucara-Naranjito associations. 

The Swamps-Marches Association consists of deep, very poorly drained soils. This association 

is found in leve1 or nearly leve1 areas that are slightly above sea leve1 but are wet, and when 

the tide is high, are covered or affected by saltwater or brackish water. The soils are sandy or 

clayey, and contain organic materials fiom decaying mangrove trees. They are underlain by 

coral, shells and mar1 at varying depths. The high concentration of salt inhibits the growth of 

al1 vegetation except mangrove trees, and in small scattered patches, other salt-lolerant 

plants. 

The Mabi-Rio-Arriba-Cayagua Assooiation consists generally of deep, somewhat poorly 

drained and moderately well-drained, nearly leve1 to moderately steep soils found on foot and 

side slopes, terraces and alluvial fans. Soils of this association at NSRR are basically clayey, 

and are located dominantly in the areas surrounding Ofstie Field. 

The Descalabrado-Guayama Association generally consists of shaflow, well-drained, strongly 

sloping to very steep soils on volcanic uplands. Soils of this association are found prim,arily in 

the hilly areas located directly inland and adjacent to the soils of the Swamps-Marshes 

Association. 

The Caguabo-Mucara-Naranjito Association consists generally of shallow and moderately 

deep, well-drained, sloping to very steep soils on volcanic uplands. This assooiation consists of 

soils which formed in residual material that weathered from volcanic rocks. This association 

is represented at NSRR by soils of the Sabana series, which are found on the side slopes and 

the hilly terrain west of Langley Drive in the Fort Bundy area. These soils are suited for 

pasture and woodland. Steep slopes, susceptibility to erosion and depth to bedrock are the 

main limitations for fsrming, and for recreation and urban areas. 

4 
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The Coloso-Toa-Bajura Association consists of deep, moderately well drained to poorly 

drained, nearly leve1 soils found on floodplains. This soil assooiation extends along the 

western boundary of NSRR and around the airfield. The soils of this association formed in 

fine-textured and moderately fine-textured sediment of mixed origin on floodplains. The 

Coloso soils are deep andsomewhat poorly drained; the Toa soils are deep and moderately well 

drained; and the Bajura soils and Maunabo soils are deep and poorly drained. The Reilly soils, 
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also part of this association, are shallow sand and grave1 and are excessively drained; they lie 

adjacent to streams. The minor soils are Talante, Vivi, Fortuna, Vega Alta and Vega Baja. 

The Talante, Vivi, Fortuna and Vega Baja soils are found on floodplains, while the Vega Alta 

soils occupy slightly higher positions on terraces. 

The Jacana-Amelia-Fraternidad Association consiste generally of moderately deep and deep, 

well-drained and moderately well-drained, nearly leve1 to strongly sloping soils on terraces, 

alluvial fans and foot slopes. Thia association is represen@ at NSRR by soils of the Jacana 

series, which consist of moderately deep, well-drained soils found on the foot slopes and low 

rolling hills along Langley Drive and just ea& of the airfield. These soils formed in fine- 

textured sediment and residuum derived Com basic volcanic rock 

2.1.2 Climate 

The climate of the Roosevelt Roads area is warm and humid, with frequent showers occurring 

throughout the year. A major factor.affecting the weather is the pattern of trade winds 

associated with the Bermuda High, the center of which is in the vicinity of 30” Nasrth, 30” 

West. 

The prevailing wind direction reflects the easterly trade winds. The area receives a surface 

flow varying between the northeast to the southeast about 75 percent of the year, snd as much 

as 95 percent of the time in July when the easterly winds are strongest. The difkential 

heating of the land and sea during the day tends to give a more northerly comp0nen.t to the 

flow on the northern side of the island and a more southerly component on the southern side. 

During the night, a land breeze causes a prevailing southeasterly flow in the north and a 

prevailing northeasterly flow over the southern coa& The mean annual wini velocity is 5.5 

knots, with a minimum in November and a maximum in August. Gales associati:d with 

westward moving disturbances in the trade winds or hurricanes passing either north or South 

of the area have the highest probability of occurrence fiom June through October. 

Uniform temperatures prevail, with small diurnal rsnges as a result of insular exposure and 

the relatively small land areas. The warmest months are August and September, while the 

coolest are January and February. Mean snnual maximum temperatures range fiom 82.0” in 

January to 88.2”F in August. The mean snnual mínimum temperatures vary from 64.0” in 

January to 73.2” in June. The highest maximum temperature recorded was 95”F, while the 

lowest minimum was 59°F. 
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Rain usually occura at least nine days in every month, with an average of 60 inches per year. 

A dry winter season occum from December through April. About 22 thunderstorm-da:ys occur 

per year, with maximum frequencies of three daya per month from May through October. 

In late summer, the mean sky-cover begins a eteady decrease from a monthly maximum 

average of 6.5~tenths coverage in September to a minimum monthly average of 4.~tenths 

coverage in February. From March through hgust, the monthly average clouds-over 

íncreases steadily from 4.5- to 6.0~tenths coverage. Over the open 8ea, 8 maximum of ClOuds 

(usually broken stratocumulua) occurs during early morning, with the skies clearing or 

becoming scattered with cumulu8 by afternoon. Completely clear or overcast skies are rare 

during daylight hours, while clear skies frequently occur at night. 

The hurricane season is Com mid-June through mid-September; maximum winds exceed 

95 knots during severe hurricanes. An average of two tropical storms per year occur in the 

study area, one of which u8ually reaches hurricane intensity. 

2.1.3 Hydrology 

The surface waters that flow aeros the northeastern plain of Puerto Rico, where NSRR is 

located, originate on the eastern slopes of the Sierra de Luquillo mountains. Surface runoff is 

channeled into various rivers and streams which eventually flow into the Caribbean Sea. The 

Daguao River and Quebrada Seca Stream (a tributary to Rio Daguao) collect surface waters 

from the hills immediately north of NSRR, and in periods of heavy rain, on-station flooding 

occurs. The Daguao-Quebrada Seca watershed comprises an area of approximately 7.6 square 

miles (4,900 acres), and the river fa118 some 700 feet from it8 8ource to sea level. Increased 

development in the Town of Ceiba, especially in areas adjacent to the NSRR’s northern 

boundary, ha8 significantly increased the 8urface runoff reaching NSRR, causing ponding and 

erosion in the Boxer Drive area. Boxer Drive, for a major portion of its length, is subject to 

surface water flooding, as are Hangar 200 and AIMD Hangar 379 and adjacent apron areas. 

In the low-lying shore areas, seawater flooding results fiom storms, wind and abnormally high 

tides. The tidal ranges in the Roosevelt Roads area are rather small, with a maximum. spring 

range of le88 than three feet. The tides 8re semidiumal and have a usual range of about one 

foot in the main harbor of NSRR. 
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Little information exists concerning the geohydrology of NSRR. The only known potential 

sources of groundwater lie in lenticular beds of day, sand and gravel, and rock fragments 

which occur at a depth of less than 30 meters. No Wells have been developed on-base fiom 

these layers. Some Wells had been developed upgradient of NSRR in Ceiba, some three 

kilometers from base headquarters, but were abandoned due to high levels of salinity . 
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The quality of surface waters is variable, reflecting the drainage area through which the 

water flows. Generally, sur&ce waters have high turbidities and bio-organics 

(naturally-occurring organics, such as decay products of vegetable and animal matter) due to 

the periodic heavy rains which can easily erode soils from steep slopes, exposed areas and 

disturbed stream beds. 

Water from alluvial aquifers along the coast of NSRR is of a calcium bicarbonate type, and has 

high concentrations of iron and manganese. The source of these minerals is unknown, but 

they may be derived from buried swamp or lagoon deposits. 

A seawater-freshwater interface is present in the aquifers throughout the coastal ;areas of 

Puerto Rico, usually within a short distance inland of the coastline. 

The NSRR water treatment plant receives its raw water from the Rio Blanco through a 27- 

inch reinforced concrete pipe that replaced the old, open channel. The intake ís located at the 

foot of the EI Yunque rain forest. This buried raw water line traverses a distance of 114 miles 

from the. intake to the NSRR boundary. A raw water reservoir is located at the water 

‘treatment plant and has a 45million gallon capacity. Additionally, there are lsvo fire 

protection storage reservoirs with a total capacity of 520,000 gallons. 

The base has been served for over 30 years by the present treatment facility. The plant 

(Building 88) has a capacity of 4.0 million gallons per day (mgd). Water flows by gravity into a 

45 million gallon raw water storage basin from which the plant draws its supply at a rate of 

1.3 mgd on average. Treatment consists of prechlorination, coagulation sedime:ntation, 

filtration and post-chlorination. ’ 

The single potable water supply system provides water to all industrial operations at the 
P 

r- 
facility. The water supply is low in hardness, and, therefore, is an excellent source for 

industrial uses, particularly in boiler operation and maintenance. 
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Three hundred acres are used for past,w-e near Gate 1, and are irrigated as needed. Extensive 

sprinkling of lawns and green areas is evident throughout the base. 

Surface runoff would occur throughout the series of drainage ditches, which empty either into 

the Rio Daguao watershed and fiom there into Vieques Passage, or into the mangroves that 

fringe Ensenada Honda and Puerca Bay. 

2.2 Regional Geolom and Geohydrolom 

The geology of the NSRR area is dominantly volcanic (composed of lava and tuff, as well as 

sedimentar-y (rocks derived fí-om discontinuous beds of limestone). These rocks al1 range in 

age from early Cretaceous to middle Eocene. The volcanic rocks and interbedded limlestones 

have been complexly faulted, folded, metamorphosed and variously intruded by dioritic rocks. 

This complex geological structuring occurred sometime after the deposition of the limestone 

during the middle Tertiary, when Puerto Rico was separated from the other major Antillean 

Islands by block faulting, and was arched, uplifted and tilted ,to the northeast. Culebra, 

Vieques and the Virgin Islands are part of the Puerto Rican block; they are separated from the 

main island simply because of the drowning that resulted from the tilting. 

In addition to the domina& volcanic and sedimentar-y rock, the northwestern and -western 

sectors of the base are underlain by unconsolidated alluvial and older deposits fiom the 

Quaternary period. 

The primary geologic formations on and near NSRR are various beach deposits, alluvium, 

quartz diorite and granodiorite, qusrtz keratophyre, the Daguao Formation, and the :Figuera 

Lava. The NSRR is traversed by the Peña Pobre fault zone. 

Groundwater at Roosevelt Roads flows generally southeast, except in the areas of high ground 

on the peninsulas which constitute the Industrial Area where Sites 7, 10 and 13 are located. 

In these areas, due to the steep slopes (as much as 40 percent), relatively shallow well-drained 

soils, and proximity of bedrock to the surface, subsurface groundwater migration w-i11 be in the 

downslope direction dictated by local topography. This will generally be to the north and 

northeast into the mangrove swamps and Puerca Bay, or to the South and southeast into 
“SL I 

,“@-- Ensenada Honda. 
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2.3 Regional Ecology 

Section 4 of the IAS provides a detailed discussion of the ecology of NSRR and NAF-V. As 

indicated in Sectiona 5 and 6 of this preaent report, no further discussion is warranted for the 

purposes of the Supplemental Investigation. 

i 2-7 



3.0 FIELD ACTIVITIES - SUPPLEMENTAL INVES!l’IGATION 

3.1 Technical Activities of the F’ield ProPram 

The studies for the Supplemental Investigation fell into the following major categories: photo- 

interpretation and map analysis; geophysical investigation; well-head te&; representation of 

groundwater flow; and sampling and analysis. 

3.1.1 Photo-Interpretation and Map Analysis 

A detailed interpretation of historical aerial photographs was undertaken for each of the sites 

addressed by the Supplemental Investigation, regardless of its status in the RFI preparation. 

This interpretation was made by a private contractor in a fashion similar to the EPIC 

(Environmental Photo-Interpretation Center) analyses of the EPA for CERCLARCRA sites. 

The detailed GeoDecisions, Inc. report is included as Appendix 3-A. 

The interpretation extended to the historical limit of coverage, attempting an analysis for 

each site of relevant physical features, disposal locations and practices, and changes through 

time. Detailed descriptions of these concerns were available during the planning for the field 

program and in the early part of the field program. This information was very useful in 

developing the rationale for investigations, as well as presenting independent findings at the 

particular sites on extent of disposal and on disposal practices; these descriptions are notably 

absent from the existing reports on the sites. 

The photo-interpretations were especially useful at Sites 1, 5 and 6, where there are no 

reliable indications in the previous reports on the locations of disposal at these siles. Field 

reconnaissance on the ground and by aircraft had similarly been unable to find the disposal 

areas. 

Map analyses were made of each site in operational planning. These analyses were 

coordinated with the interpretation of aerial photographs, particularly at Sites 5 #and 6, in 

preparing the description of the extent of disposal at particular sites. 

The subsections which follow summarize the findings of the historical air photo analyses on a 

by-site basis. 



Site 1 - Quebrada Disposal Site, Vieques Island 

The only usable photograph available for analysis of Site 1 operations was taken March 18, 

1967. F’rom this photograph, the only apparent activity is fiequent use of the access road. 

Sife 2 - Mangrove Disposal Site, Vieques Island 

No usable photograph for analysis of Site 2 operations could be found. 

Site 5 - Army Cremator Disposal Area 

The usable photography of Site 5 operations is: 

January 8, 1951: A trench with vehicles is noted on the southwest side of the knoll. 

Structures of undefined use appear between the trench and the top of the knoll. The 

northwest side of the knoll appears to have been top-stripped. 

June 18,1958: A deep trench with burning material and mounded fil1 appears on the West 

side of the knoll, farther tiom the top than the trench noted previously. The disturbance of 

the northern part of the site has expanded. 

October 29,1958: Containers appear near mounded fil1 on the southwest side of the knoll. 

November 15,1964: The first trench noted (January 8,195l) is no longer visible; another 

trench, apparently for drainage, is evident farther South. 

December 20,1977: The entire site has been completely overgrown; no artificial. features 

are distinguishable. 

Site 6 - Langley Drive Disposal Area 

The usable photography of Site 6 operations is: 

January 8,195l: The disposal area had been cleared and was active, with an aocess road 

leading to the face of the fill. 
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June 18,1958: No change is noted. 

October 29,1958: No change is noted. 

December 20,1977: The entire site has been completely overgrown; no artificial features 

are distinguishable. 

Site 7 - Station Landfíll 

The usable photography of Site 7 operations is: 

January 8, 1951: The center of the site is a sand quarry. The only indication of possible 

disposal is an area of dark material in the northwest part of the site potentially related to 

release of a liquid. 

June 18, 1958: The sand quarry had expanded to include the east side of the present 

lantill. 

November 15,1964: The entire site has been nearly completely overgrown. No artificial 

features are distinguishable other than three, small, clear areas and an undefmed 

structure on the east side of the present landfill. 

December 20,1977: Disposal of materials is apparent in the center of the present landfill. 

Land-clearing has proceeded on the West side of the site. 

Site 10 - Building 25 Storage Area 

The usable photography of Site 7 operations is: 

January 8,195l: Al1 buildings shown on the current USGS topographic map are apparent 

in this photograph. Areas of various open storage are visible. 

June 18, 1958: The area of activity has expanded. One building has been removed and 

ca.2 another added. 

P-4, i 
November 15,1964: No change is noted. 
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December 20,1977: Activity had increased. 

Site 13 - Tanks 210-217 

The usable photography of Site 13 operations is: 

June 18, 1958: This photograph appears to show construction of the UST farms. No 

evidente of contaminant release is visible on this or subsequent photographs. Subsequent 

photography indicates extensive overgrowth of the area, with no other notable features. 

Site 14 - Ensenada Honda Shoreline and Mangroves 

There is no useful description of Site 14 available. 

Site 16 - Oid Power Plant, Building 38 

Site 16 was not included in the project until after completion of the photo-interpretation. No 

useful description is available; however, none would be expected, considering the operational 

status of the site. 

Site 18 - Building 128, Pest Control Shop and Surroundíng Area 

The usable photography of Site 18 operations is: 

January 8, 1951: The site had been top-stripped, with sheds and a building (probably 

unrelated to Building 128) apparent in the southeast comer. A drainage channel exits the 

east part of the South boundary of the site. 

Jrme 18, 1958: The structures have been removed. Two new buildings (also probably 

unrelated to Building 128) appear. Various clearing and filling is visible. 

November X5,1964: Some revegetation has occurred on the margina of the site. 

December 20,1977: Only minor increases in revegetation have occurred. 
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Site 21 - Building 121, Old Pesticide Storage 

The usable photography of Site 21 operations is: 

A 

January 8, 1951: Building 121 is visible. Another building, significantly larger than 

Building 121, is apparent directly east and downslope of Building 121 (no evidente of this 

structure remains). 

June 18, 1958: The larger building has been removed; revegetation of this location 

continues through the present. 

3.1.2 Geophysical Investigation 

The geophysical surveys were conducted after land-clearing had exposed areas indicated by 

the photo-interpretation to have been part of the disposal operation at Site 5; no other sites 

were examined by geophysical methods. These surveys involved: (1) EM1 mapping of 

contrasts in subsurface material that indicated artificial boundaries, such as trench walls, 

associated with disposal practices; and, (2) MAG mapping of subsurface metallic objects, 

usually associated with disposal. The report of the geophysical investigation is attached as 

Appendix 3.B. A summary of findings appears below. 

The traverses followed the access lanes shown on Figure 4-3. Heavy equipment cleared the 

lanes along orientations selected following review of the photo-interpretation and map 

analysis, and according to examination of the exposed parts of the lanes as tlhey were 

advanced. 

Correlation between the disposal features noted by the photo-interpretation and the disposal 

indications found during land-clearing is very high. The indicated disposal features were 

found on the southwest side in the locations transferred fiom the aerial photographs to the 

maps. Similarly, areas indicated by photo-interpretation not to have been used for disposal 

appeared undisturbed except for top-stripping. 

The geophysical interpretation agrees with both the photo-interpretation and the visual 

e- inspection of the ground. The geophysical interpretation, however, provides more precise 

, f”“- mapping of the disposal feature along the respective traverse line. The geophysical survey 

also indicates the probable relative concentration of metallic objects in the disposal feature. 
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During the field program, the preliminary geophysical interpretation was correlated. with the 

preliminary photo-interpretation to finalize siting of the sampling stations for soils at Site 5. 

The field evidente indicates a very high confidente that the data stations are properly sited in 

relation to the disposal features. 

3.1.3 Physical Geohydrology 

The Wells at Site 1 were found dry during the field program. Of the Wells at Site 5 indicated in 

the Work Plan for measurement, only 05GWOl could be found. Only 06GWOl exists at Site 6. 

Al1 eight of the Wells at Site 7 were accessible. The use of Wells at Site 10 was not included in 

the program. Al1 three of the wells at Site 18 were accessible. 

3.1.3.1 Well-Head Tests 

Examination of aquifer parameters for the Supplemental Investigation consisted only of 

slug-tests for calculation of the local hydraulic conductivity. This technique is well 

represented in environmental investigations as a general or reconnaissance characterization 

of the aquifer parameters across the area of a study site. Calculation of the hydraulic 

conductivity provides a basis for estimation of the rate of flow of groundwater, an.d on the 

probable rate of transport and area of distribution of contaminants entrained in the 

groundwater. 

Tests were made for Wells at Sites 5,6,7 and 18 (the Wells at Site 1 were found dry; the tests 

intended in the Work Plan for Site 10 were deleted. Only one well identified in the Work Plan 

for Site 5 could be located in the field. Only one well is available at Site 6. The data for the 

Wells at Site 7 is not included herein but has been provided to the program addressing that 

operation. The data from the three Wells at Site 18 will be discussed below in representing the 

potential pattern of groundwater flow and contaminant migration around the site. 

3.1.3.2 Groundwater Flow 

Measurements of water levels were made for Wells at Sites 56, 7 and 18 (the Wells at Site 1 

/-. were found dry). Only one well identified in the Work Plan for Site 5 could be located in the 

f- field. Only one well is available at Site 6. The data for the Wells at Site 7 will be released to 

the program addressing that operation. The tests intended in the Work Plan for Site 10 were 
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deleted; these tests were of lesser importance than for the other sites, since chemical analyses 

were not made at Site 10. The data fiom the three Wells at Site 18 will be discussed. below in 

representing the confrguration of the water table at that site. 

Measurements of water levels in the monitor Wells at Site 18 were calculated (vertically and 

horizontally) from the survey data to provide a representation of the shape of the water table 

underlying Site 18. This further indicates the direction of flow of groundwater and of the 

distribution of contaminants in the groundwater. The usual result of this analysis is a 

groundwater contour map, with calculation of gradient from the stream-lines represented on 

the map or from a three-point calculation. Derivation of this gradient contributes to the 

representation of the rate of groundwater movement and potential contaminant transport. 

The groundwater measurements and calculated elevations appear on Table 3-1. Grolmdwater 

contour maps cannot be prepared for Sitos 1, 5 and 6 due to insticient distribution of data 

stations. A groundwater contour map cannot be prepared for Site 7 due to the radial ,nature of 

flow associated with the peninsula on which it is placed. 

From the values on Table 3-l for Site 7 on the initial sampling date of November 18, :1992, the 

Wells on the sand ridge of the peninsula have the higher values of groundwater elevation: 

R7GWOl at 0.77 feet; R7GW08 at 0.66; R7GW06 at 0.81; R7GW05 at 0.72; and R7GW04 at 

0.21. The Wells nearer the low shoreline have the lower values: R7GW02 at -2.89; R7GWO3 at 

-3.99; and R7GW07 at 0.00. 

The releva& groundwater elevations for Site 18 are 18GWOl (3.71 feet); 18GWO2 (3.78 feet); 

and, (18GWO3 (5.43 feet), reflecting the data of the original sampling date November ll, 1992. 

Groundwater at Site 18 fiows generally to the West; a gradient cannot be calculated properly 

fkom the data on Table 3-1. The distribution of elevations shows little separation between the 

elevations of the water table at 18GWOl and at 18GWO2; this slight separation is insufficient 

to the calculation of gradient and to the construction of groundwater contours. The 

distribution variations (Table 3-1) are relatively slight; however, they do not follow the 

topographic expression, which would have predicted the upslope station (18GWOl) to have a 

higher elevation than the bottom-land stations (18GWO2 and 18GWO3). 

The values cited are representative of the trends noted during the field investigation. 
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TABLE 3-1 

GROUNDWATER ELEVATIONS 
NAVAL STATION, ROOSEVELT ROADS, PUERTO RICO 

Groundwater Elevation 

Measurement Ground 
(feet MSL) 

Point Surface 

Station 
Elevation Elevation 
(feet MSL) (feet MSL) 11/10/92 11/11/92 11/18/92 3.1/19/92 ll/21192 1 ll24192 11/26/92 12/1/92 

05GWOl 17.90 14.4 6.64 6.64 7.08 7.12 7.15 

06GWOl 14.36 14.0 6.21 6.21 5.54 5.55 

R7GWOl 12.32 9.3 0.82 0.77 0.74 

R7GW02 0.72 -1.5 -2.89 -2.89 -2.96 

R7GW03 3.49 1.7 -3.85 -3.99 -3.80 -3.79 

R7GW04 12.39 10.0 0.71 0.21 0.57 

R7GW05 13.52 11.8 0.74 0.72 3.05 

R7GW06 14.19 ll.7 0.60 0.81 0.64 

R7GW07 15.70 12.2 -0.07 0.00 

R7GWO8 ll.34 8.8 0.70 0.66 

18GWOl 13.36 12.8 3.71 3.71 3.91 3.88 4.00 4.00 

18GWO2 10.62 9.6 ’ 3.93 3.78 0.97 4.11 

18GWO3 9.31 8.6 5.43 5.43 4.70 6.16 5.51 . I 



3.1.3.3 Hydraulic Conductivity 

The calculated values for hydraulic conductivity appear in Appendix 3.C and are summarized 

on Table 3-2. 

From the values on Table 3-2 for Site 7, the Wells on the east side of the sand ridge of the 

peninsula have the higher values of hydraulic conductivity: R7GW06 at 2.2 feet/day; R7GW07 

at 3.3; and R7GW08 at 2.2. These are about double the values for the remaining wells, al1 of 

which (except R7GWOl at 0.23 feet/day) are off the spine of the peninsula and near the 

shorelines. 

The values for 05GWOl and 06GWOl fa11 in the range (0.86 and 0.72 feetlday, respectively) of 

the shoreline Wells at Site 7. This accords with the similar positioning of the Site 5 and 6 

stations near the edges of the mangrove swamps. 

From the values on Table 3-2 for Site 18, the well (18GWOl) farthest upslope from the 

drainage at the South of the site, and probably more influenced by upland sands, has the 

highest calculated conductivity at 1.3 feetiday. The remaining two Wells are lower on the 

slope of the site and probably more influenced by bottom-land silts (18GWO2 at 0.15 feet/day, 

and 18GWO3 at 0.14 feet/day). 

3.1.3.4 Groundwater Transport - Site 18 

Groundwater transport is usually calculated by the variation of Darcy’s Law: 

v=Kitn 

where: v = average velocity of grormdwater 
K = hydraulic conductivity 
i = calculated gradient 
n = porosity 

In the case of Site 18, for al1 representative data on Table 3-1, a gradient cannot be calculated 

properly. The distribution of elevations shows little separation between the water table at 

18GWOl and at 18GWO2; this slight separation is insuffkient to the calculation of gradient 

and to the construction of groundwater contours. 
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TABLE 3-2 

SUMMARY OFHYDRAULIC CONDUCTIVITY CALCULATIONS 
NOVEMBER 1992 

NAVAL STATION, ROOSEVELT ROADS, PUERTO RICO 

(1) Rising-head tests are usually more reliable under the field 
conditions encountered at NSRR. 
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3.1.4 Sampling and Analysis 

Sampling addressed the matrices (media) indicated for each site in Section 1.1.3.1. Analyses 

were made in the field only for the groundwater field parameters (pH, specific conductance 

and temperature), although each sample was examined by Photo-Ionization Detector (PID) for 

non-specific releases of volatile organic compounds for the purposes of safety of personnel. The 

analyses (Section 1.1.3.1) for al1 other matrices and for groundwater parameters other than 

the field parameters were made by the chemical laboratory. 

Al1 analytical results were of acceptable quality control, except SVOC. SVOC analyses were 

returned with an instrument detection íimit four times the required limit. The SVOC data are 

still usable in calculating the apparent risk at each site and in verifying the usability of the CS 

data. 

3.2 Investigation Support 

The main support for the technical investigations comprised: land navigation; surveying; 

land-clearing; computer mapping; and correlation of analytical data. 

3.2.1 Land Navigation 

The land navigation planned for the Supplemental Investigation replaced land surveying of 

data stations in the most difficult terrain. The position of each data station was recorded by 

this method. 

This navigation was conducted using GPS (Global Positioning System) receivers, as a base 

station and a remote. Due to the modulation of this system by the Department of Defense, the 

horizontal resolution of paired, differential receivers is about one meter, the resolution of a 

single receiver being about 100 meters. The one-meter resolution is sufficient for surveying 

the horizontal positions of the data stations of the Supplemental Investigation. 

.” 3-11 



A 

3.22 Land Surveying 

While the GPS receiver is suitable for horizontal control of the positions of the data stations, 

and can be used where land surveying would be diB’icult or impossible (the slope at Site 1 and 

the offshore stations at Site 141, GPS does not provide the accuracy and precision of vertical 

control require for interpretation of groundwater flow. To this purpose, a licensed surveyor 

indexed the measuring point of each well used in the Supplemental Investigation to 0.01 feet 

accuracy against a standard datum. 

The surveyor also coordinated the base station for the GPS navigation, allowing reduction of 

data to a nominal accuracy of one meter. 

3.2.3 Land-Clearing 

Signifkant difficulty had been found during the Site Visit in January 1992 in mobility at 

Siles 1, 5 and 6. Provisions were, therefore, made for limited land-clearing during the field 

program, by hand at Site 1 and by heavy equipment at Sites 5 and 6. Land-clearing involved 

minimal disturbance of the ground-cover, but resulted in access lanes extending adequately 

over the study areas of each site. 

3.2.4 Computer Mapping 

The land navigation by GPS receiver is compatible with computer-assisted drafting (CAD). 

Following reduction of induced error, the CAD constructed scaled, schematic diagrams of each 

site from the GPS data. These schematic maps, referenced in Section 4, are accurate for 

locations of data stations and access trails to a nominal radius of one meter. All data stations, 

certain access trails and al1 geophysical traverse lines have been plotted by this methcd. 

3.2.5 Correlation of Analytical Data 

Appendix 3.D presents the results of chemical analyses provided by the Confírmation Study 

(CS). The tables in this appendix present information only on the compounds quantified 

during the CS. An effort was made during the Supplemental Investigation to correlate these 

data with more current information to evaluate the usefulness of these CS data. 
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3.3 Chronologic Log of Field Activities 

Six members of the field team traveled to the site on October 29, 1992; one arrived 

on November 2, 1992, with the last on November 10, 1992. Six of the team left on 

November 25, 1992, while two remained until December 2 and 7, 1992 to replace shipping 

casualties to the laboratory and to complete demobilization. A Chronologic Log of relevant 

activities appears in Appendix 3.E. 

3.4 Special Conditions 

The field program of the Supplementary Investigation at NSR3t involved certaia special 

conditions reflecting terrain and mobility, and mapping limitations. 

3.4.1 Terrain and Mobility Limitations 

The dense tropical (jungle-like) vegetation was a deterrent to collecting environmental 

samples. Site access was impossible without the need of thorough tree and brush clearing to 

permit the sampling teams to reach the sampling points and obtain the prescribed samples. 

Due to the tropical climatic conditions and rapid regrowth of vegetation, it is virtually 

impossible to resample areas without reclearing a path to the sampling locations. Needless to 

say, al1 sampling equipment and samples had to be manually transported thorough the jungle. 

At Sites 1,5,6 and 14, the terrain presented severe mobility obstacles, which detrimentally 

affected the ability to locate and collect environmental samples. At Sites 1, 5 and 6, the 

overgrowths of vegetation are sufficient to prevent movement without land-clearing. Mobility 

is finther restricted at Site 1 by the steepness of the side of the ravine on which the site is 

located and the presente of an endangeredlprotected species of insect; at Site 5, by the 

steepness of the sides of the knoll on which the disposal areas are located; and at Site 6, by the 

instability of the saturated (boggy) ground. Movement around Site 14 is limited to the use of 

small-boats of shallow draft in the tidal margin of the overhanging mangroves; loverland 

access cannot reach the interior of the mangroves from the land-side, and larger boats 

approaching from the harbor-side will ground in the shoals or be trapped by the overhang of 

mangrove. 

The dense, tropical forests of Sites 1, 5 and 6 have an occasional to frequent distribution of 

trees (greater than 20 feet in height). The dominant characteristic of these siles, however, is 
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the impenetrable entanglement of low to moderate shrubs (three to twenty feet in height) with 

a dense mantle of encroaching vines. Off the boundary roads, these sites can only be entered 

after landclearing; it is impossible merely to walk into the sites for useful work (whether 

sampling or mapping). Access was gained at Site 1 by laborious cutting of narrow trails by 

han& and at Site 5 and 6, by use of an NSRR bulldozer. Only parts of the disposal areas of 

Sites 1 and 5 could be cleared by the available methods. 

3.4.2 Mapping Limitations 

There are no detailed maps available of any of the subject sites with usable horizontal or 

vertical control. Available mapping includes the schematic diagram used as the Staition Base 

Map by the Public Works Office, nondimensional sketches from the IAS and CS, and overlay 

mapping from the GPS navigation survey. These sources were variably combined at 

particular sites for the mapping of the Supplemental Investigation. 

Unfortunately, the scales and orientations (horizontal controls) of the mapping sources are 

incompatible. Therefore, there are discrepancies in the overlay of GPS stations on tlhe NSRR 

Base Map. This is represented on Figure l-9 for Site 7. The GPS coordinates for the data 

stations (Appendix 3.F) are accurate to within a nominal radius of one meter, and can be 

reoccupied precisely by GPS navigation. However, since the horizontal data of the GPS and 

the NSRR Base Map are not compatible, a shift in horizontal position is artificially induced. 

For example, monitor well R7GW06 is located by GPS across the road from its actual. position 

on the ground. The GPS position of R7GW06 (without GPS mapping of the road, or 

coordination of the horizontal controls of the GPS and NSRR maps) can only be used for 

navigation or mapping by GPS; without GPS navigation, location of R7GW06 must be 

accomplished in the iield by inspection of the ground rather than map-referente. 

Where the NSRR Base Map has been used, the representations for certain sites are only 

schematic. Features noted on the NSRR Base Map were not verified in the fíeld during the 

Supplementary Investigation, although some are strongly suspected of being misrepresented 

on the Base Map. Consequently, the sections of the NSRR Base Map used for certain sites 

have been edited slightly for clarity of presentation. 

Regardless of the sources used in preparing the site maps for the Supplementary 

Investigation, no vertical control is available. Therefore, no contour lines appear accurately 

on any map. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This section of the Supplemental Investigation report describes the bndings of the 

investigations regarding the nature and extent of contamination. An initial discussion of the 

field parameters measured during the site investigations leads to a detailed discussion of 

analytical results (for the various environmental media sampled) on a “by-site” basis. Finally, 

one of the aims of the Supplemental Investigation was to provide analytical data that would 

either prove the results of testing done during the confnmation study were representative of 

site conditions or refute the interpretive indications of these data. This topic is discussed in 

the fron subsection of this section. 

4.1 Mappíng and Description of Sites 

The physical descriptions of the individual sites appear in Section 1.23; the schematic 

diagrams of the sites and the sampling stations appear on: 

Site 1 
Site 2 
Site 5 
Site 6 
Site 7 
Site 10 
Site 13 
Site 14 
Site 16 
Site 18 
Site 21 

Figures l-4 and 4-1 
Figures l-5 and 4-2 
Figures l-7 and 4-3 
Figures 1-8 and 4-4 
Figures 1-9 and 4-5 
Figures l-10 and 4-6 
Figures l-11 and 4-7 
Figures l-12 and 4-8 
Figures l-13 and 4-9 
Figures 1-14 and 4-10 
Figures l-15 and 4-11 

The aerial mapping of the sites appears in Appendix 3.A, while the geophysical profiling of 

Site 5 appears in Appendix 3.B. Appendix 3.F contains summaries of the positions of data 

stations and access traverses from the GPS mapping and the report of the land surveyor. 

4.2 Field Parameters 

The field parameters (pH - chemical activity of ionic hydrogen; Sc - specific conductance; and 

T - temperature) were measured in the field at the well-head at the time of sampling. The 

representative values appear on Table 4-1. The relevant dates of the initial sampling at the 

particular sites are: Site 5 - November 19, 1992; Site 6 - November 19, 1992; Site 7 - 

November 18,1992; and Site 18 - November ll, 1992. 
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